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the switch device comprising : a physical master - side port for 
connecting the switch device to the single master port and 
for establishing a master communication channel between 
the same ; and a plurality of physical field device - side ports 
for connecting the switch device to the field devices and for 
establishing a plurality of field device communication chan 
nels between the respective field devices and the switch 
device ; wherein the switch device is configured to transfer 
data between the master device ( 3 ) and the field devices 
through the master communication channel and the field 
device communication channels using a single communica 
tion protocol for an automation network . 
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SWITCH DEVICE FOR AN AUTOMATION device communication channels using a single communica 
NETWORK tion protocol for an automation network . 

According to a further aspect , an automation network is 
CROSS - REFERENCE TO RELATED provided . The automation network comprises : an upper 

APPLICATION 5 level network ; a plurality of field devices ; a master device 
providing a gateway between the plurality of field devices 

This application is a 371 of international application of and the upper level network and being configured to control 
PCT application serial no . PCT / IB2018 / 000574 , filed on a communication between the upper level network and the 
May 30 , 2018 , which claims the priority benefit of European plurality of field devices ; and the switch device defined 

10 above and below . application no . 17173754.7 , filed on May 31 , 2017. The In embodiments , the switch device allows to establish a entirety of each of the abovementioned patent applications is plurality of 10 - link channels between a single physical hereby incorporated by reference herein and made a part of IO - link port of the master device and IO - link devices as field this specification . devices . 
The present invention relates to a switch device for The automation network may be an industrial automation connecting a plurality of field devices to one single master system for manufacturing a product such as a microchip or 

port of a master device . Moreover , the present invention a car , or for analyzing the properties of a product , for 
relates to an automation network . example of a biological sample or of an integrated circuit . 

In automation networks , master devices can provide inter- The upper level network may comprise a control system 
faces between an upper level network , for example a field- 20 for the automation network , for example including a per 
bus network , and field devices , in particular IO - link devices . sonal computer , user interfaces and storage devices , which 
The amount of field devices that can be connected to the can be connected to the master device through a fieldbus , a 
master device is usually limited by the amount of master backplane bus , or an industrial Ethernet connection . 
ports provided by the master device . To overcome the The master device may establish the connection between 
difficulty of connecting more field devices to a first master 25 the plurality of field devices and the upper level network . In 
device than it provides master ports , a switch device may be particular , the master device stores information indicating 
placed between the field devices and the master device . which field devices it is connected to . For example , the 

For example , in the IO - link technology , it is known to use master device comprises a master storage unit in which the 
a second master device as the switch device . Namely , the architecture of the field devices is mapped together with 
second master device can be connected to one port of the 30 parameters relating to each field device . The field devices 
first master device through a fieldbus connection , thereby may be complex and / or intelligent sensors and actuators of 
increasing the number of ports available for the field devices any kind . For example , the field devices may comprise 
downstream of the first ma er device . A communication alves , robot tools , motor starters , I / O modules , input units 
between the first and second master devices is performed and the like . The plurality of field devices may be a 
over a fieldbus communication . 35 combination of different field devices . Each field device may 

Furthermore , document US 2010/0146182 Al shows have its own address , which allows the master device to map 
another type of switch device , namely a hub or field bus the system of field devices and to configure the switch 
module which connects a plurality of field devices to a device accordingly . 
control unit in an Ethernet - based network . Thereby , analog In particular , the switch device , which may also be called 
and digital data can be communicated between the field 40 “ connector ” , is a physical device provided between the 
devices and the control unit . plurality of field devices and the master device . The master 

This bears the disadvantage that the protocols are different device may comprise a plurality of physical ports , to each of 
so that a protocol conversion is needed between the master which one device , for example one field device , can be 
and the field devices that are connected via the hub . Hence connected . The switch device is connected to a single one of 
the prior art solution requires an increased complexity and is 45 these physical ports , also called “ the single master port ” . In 
therefore more expensive . turn , a plurality of field devices can be connected to the 

It is one object of the present invention to overcome the switch device . Thereby , a plurality of field devices are 
disadvantages of the prior art and to provide an improved connected to the single master port via the switch device . 
switch device . A further object of the present invention is to Through the switch device , it is for example possible to 
provide an improved automation network . 50 increase the number of field devices connected to the master 

Accordingly , a switch device for connecting a plurality of device . 
field devices to one single master port of a master device is In embodiments , the switch device allows to couple more 
provided , the master device providing a gateway between field devices to a master device than physical ports are 
the plurality of field devices and an upper level network and available at the master device , and at the same time provid 
being configured to control a communication between the 55 ing a point - to - point communication between each of the 
upper level network and the plurality of field devices . The field devices and the master device . 
switch device comprises : a physical master - side port for Configuring the switch device can include providing the 
connecting the switch device to the single master port and switch device with information indicating which field 
for establishing a master communication channel between devices the switch device is connected to . In particular , the 
the master device and the switch device ; and a plurality of 60 switch device may be unable to configure itself . Rather , it 
physical field device - side ports for connecting the switch may have to be configured by the master device . This is a 
device to the plurality of field devices and for establishing a major difference between the master device and the switch 
plurality of field device communication channels between device . Namely , the master device can configure itself based 
the respective field devices and the switch device . The on information obtained from the field devices connected 
switch device is configured to transfer data between the 65 thereto , while the switch device may require information 
master device and the plurality of field devices through the from the master device to become ready to use . Further , the 
master communication channel and the plurality of field switch device may not be able to function in a network 



US 11,018,893 B2 
3 4 

without a master device . In particular , the switch device may the master device and the field devices exclusively as raw 
not be able to generate any data for transmission itself . The data , including in the switch device . 
switch device can be considered as less performing than the The proposed switch device allows to link a plurality of 
master device , in particular in terms of intelligence . field devices to only one master port of the master device . 

Thus , in embodiments , the switch device may be imple - 5 Thereby , it is possible to considerably increase the amount 
mented not to perform any control functions and / or gener- of field devices connected to the master device . In particular , 
ating transmission data in addition to data received and several switch devices can be connected to a same master 
transmitted from and to the master and the field devices . device , thereby increasing the amount of field devices that 

The master device may have to support the switch device can be connected to the master device even further . There 
to communicate with the field devices through the switch 10 fore , the amount of field devices used in the automation 
device . For example , the master device supports only a network can be increased without having to use an addi 
specific type of switch device produced by the same pro- tional master device . This can reduce the costs of the 
ducer as the master device . The switch device may comply automation network . 
with any type of field devices . Further , if cables are used to connect the field devices to 

The connection between the master device and the switch 15 the master device , the amount of cables going to the master 
device may be realized over the master communication can be reduced using the switch device . Thereby , cabling 
channel , which is in particular established between the mistakes may be avoided . Further , reducing the amount of 
single master port of the master device and the physical used cables is particularly advantageous when the master 
master - side port of the switch device . device cannot properly be reached . 

The connection between the plurality of field devices and 20 Furthermore , the proposed switch device can facilitate an 
the switch device may be realized over the plurality of field exchange of field devices connected to the master device . 
device communication channels , which are in particular Indeed , several sets of field devices can be pre - connected to 
established between the plurality of physical field device- several switch devices . Then , if the switch device connected 
side ports of the switch device and the respective field to the master device is exchanged , the field devices con 
devices . The plurality of field devices may be connected to 25 nected to the master device are also exchanged . This is 
the plurality of field device - side ports through field ports on particularly useful in applications having limited amount of 
the respective field devices . space for connections , such as robot heads , for example . 

The single master port , the master - side port , the plurality Moreover , a physical distance between the master device 
of field device - side ports and / or the plurality of field ports and the field devices can be increased using wireless , in 
may for example be pin - ports , 10 - link ports , USB - ports , 30 particular optical wireless connections between the master 
wireless receivers / transmitters , or any type of physical con- device and the switch device and between the switch device 
nectors . The connection between the master - side port and and the field devices . This is particularly advantageous in 
the single master port as well as the connection between the hazardous environments since cable break can thereby be 
field device - side ports and the respective field devices may prevented . Further , the wireless connections allow the use of 
be performed using a connecting cable or wirelessly , for 35 moving field device without requiring cables . 
example using Bluetooth or Wi - Fi . According to a further embodiment , the communication 

Data to be transmitted from the master device to the protocol is an IO - link communication protocol . In particular , 
respective field devices or from the field devices to the data transmitted through the master communication channel 
master device may be transmitted via the switch device , in and the plurality of field device communication channels is 
particular using the master communication channel and the 40 transmitted according to the IO - link standard . 
field device communication channels defined here - above . In The IO - link standard in particular refers to the interna 
particular , the communication protocol used for transferring tionally standardized I / O technology ( IEC 61131-9 ) for 
data through the master communication channel is identical communicating with field devices . For such an 10 - link 
to the communication protocol used for transferring data communication , the single master port , the master - side port , 
through the plurality of field device communication chan- 45 the plurality of field device - side ports and / or the plurality of 
nels . The identical communication protocols are herein field ports may be 10 - link ports which are adapted for 
referred to as “ single communication protocol ” . Said single IO - link communication . 
communication protocol may be an IO - link communication The IO - link communication protocol is in particular 
protocol , which will be detailed below . defined in that data is transmitted at one of the transmission 

The switch device may have the exclusive function of 50 rates defined by the standard . The types of data exchanged 
transferring data back and forth between the master device may comprise cyclic process data , including process data 
and the field devices . inputs and outputs ; acyclic field device parameters , which 

The communication between the master device and the are sent by the field devices only upon request from the 
plurality of field devices may be a point - to - point commu- master device ; and acyclic event data , which are sent by the 
nication , in particular a SDCI ( single - drop digital commu- 55 field device to signalize an error , a warning or a notification , 
nication interface ) communication . Namely , the master for example . The data may be transferred in frames having 
device may send data to a specific field device selected from a specific structure , for example as F or M - sequences 
the field devices . To achieve such a point - to - point commu- comprising a first or request message from the master device 
nication , the master device may use his knowledge about directed to a selected field device and a second or response 
which field devices it is connected to through the switch 60 message from said field devices . In particular , a point - to 
device . point SDCI communication is performed between the master 
By using a single communication protocol in the com- device and each of the field devices . 

munication between the master device and the field devices , Using the IO - link communication protocol as the com 
a loss of information may be avoided . In particular , the munication protocol can increase the reliability of the data 
transferred data is maintained without modification or alter- 65 transmission between the master device and the field 
nation in the switch device , thereby improving an efficiency devices . In particular , if the master device does not receive 
of the data transfer . For example , data is transmitted between a response to its request from the field device , the request 
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may be resent twice . An error notification may be issued by The switch device may thus have the function of directing 
the master only if these two further attempts also fail . the downstream data towards the field device it is destined 

In embodiments , the master communication channel and / to . The switch device may play a major role in achieving the 
or the field device communication channel is not a fieldbus . point - to - point communication , especially if the data is trans 
For example , the master communication channel and / or the 5 mitted according to the IO - link protocol . In particular , the 
field device communication channel can be an IO - link present switch device can achieve passing downstream data 
communication channel rather than a channel relying on a from the master device to the selected field device without fieldbus infrastructure such as EtherCAT . changing the data format . According to a further embodiment , the master device is 
an IO - link master device and at least one field device from 10 received from the master device at the master - side port is a According to a further embodiment , the downstream data 
the plurality of field devices is an IO - link device . 

In particular , IO - link devices are field devices which downstream data packet comprising a plurality of down 
support the IO - link specification . The IO - link devices may stream messages each having a downstream message infor 
be SDCI - compliant field devices . The IO - link devices can in mation associated thereto as the destination information ; and 

wherein particular transmit and receive data to / from the switch 15 
device at one of the transmission rates defined by the IO - link the switch device further comprises an unpacking unit 
standard . provided between the master - side port and the down 

Further , the IO - link master may be a master device stream transmission unit configured to unpack the 
supporting the 10 - link specification . The IO - link master downstream messages of the downstream data packet 
may be a SDCI - compliant master device . The IO - link master 20 and to transmit them to the downstream transmission 
can in particular transmit and receive data to / from the switch unit together with their respective downstream message 
device at all of the transmission rates defined by the IO - link information . 
standard . The downstream data packet may comprise a bulk or a 
The IO - link master , the IO - link device ( s ) and the switch plurality of downstream messages destined to different field 

device may form a single 10 - link system . In particular , 25 devices from the plurality of field devices . Each of the 
IO - link systems comprise only one IO - link master . Using downstream messages may be generated or transmitted by 
the switch device defined above and below , the total number the master device , which moreover adds or associates the 
of field devices in a single IO - link system can be increased . destination information to each of the downstream messages 

According to a further embodiment , the switch device and groups the several downstream messages together in the 
further comprises a downstream transmission unit provided 30 downstream data packet . The downstream data packet 
between the master - side port and the plurality of field received by the switch device may be unpacked by the 
device - side ports , which is configured to cyclically or acy- unpacking unit to separate the different downstream mes 
clically transmit downstream data received from the ma er sages . hen , the different downstream messages can be 
device at the master - side port to a selected field device - side transmitted from the unpacking unit to the downstream 
port selected from the plurality of field device - side ports , the 35 transmission unit , which in particular transfers each of the 
selected field device - side port being selected in accordance downstream messages to the selected field device - side port 
with a destination information received with the downstream connected to the selected field device to which the down 
data and indicating the field device to which the downstream stream message is destined to according to its destination 
data is destined to . information . The unpacking unit and the downstream trans 

Herein , “ downstream ” refers to a direction that goes from 40 mission unit may be a single physical unit . 
the master device towards one of the field devices , in The switch device may distribute the different down 
particular via the switch device . To transmit data from the stream messages received in the downstream data packet to 
master device to one of the field devices , for example control the selected field devices . A large amount of downstream 
data for controlling the field device or a request to the field data can thereby be transferred to the respective field 
device , the data may be transmitted as downstream data to 45 devices , without having to increase a transmission rate for 
the switch device through the master communication chan- transmitting data between the master device and the switch 
nel . The downstream data can encompass or be associated to device because the downstream data is sent in downstream 
the destination information indicating the field device ( se- data packets . Thereby , the switch device is further improved . 
lected field device ) , out of the plurality of field devices , to According to a further embodiment , the switch device 
which the downstream data is destined to . The destination 50 further comprises an upstream transmission unit provided 
information is in particular associated to the downstream between the master - side port and the plurality of field 
data by the master device . device - side ports , which is configured to cyclically or acy 

The downstream transmission unit may extract and / or clically transmit upstream data received from one of the field 
read the destination data from the received downstream data devices at the corresponding field device - side port to the 
and transmit the downstream data to the selected field 55 master - side port . 
device - side port connected to the selected field device to Herein , " upstream ” refers to a direction that goes from 
which the downstream data is destined to according to the one of the field devices towards the master device , in 
destination information . To this extend , the switch device particular via the switch device . To transmit data from one 
may have to know which field devices it is connected to , in of the field devices to the master device , for example sensor 
particular which field device is connected to which of the 60 data sensed by the field device or a response to a request 
field device - side ports of the switch device . For example , received from the master device , the data may be transmitted 
information about the field devices connected to the switch as upstream data or as an upstream message to the switch 
device can be stored as a field device configuration param- device through the field device communication channel 
eter in a switch storage unit of the switch device . The field corresponding to the field device from which the upstream 
device configuration parameter may be stored in the storage 65 data is transferred . 
unit by the master device when configuring the switch According to a further embodiment , the upstream trans 
device . mission unit transmits the upstream data to the master - side 
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port together with an originator information indicating a master transmission rate for the master - side port indi 
which field device the upstream data originates from . cating a rate at which data can be transmitted through 

The upstream transmission unit may associate the origi- the master communication channel in agreement with a 
nator information indicating the field device out of the transmission rate supported by the master device ; 
plurality of field devices from which the upstream data is 5 a master cycle time indicating a time it takes to transmit 
originating to the upstream data . downstream or upstream data between the master 

The originator information may be considered as meta device and the switch device through the master com 
data . It may be associated to the upstream data by the switch munication channel ; and 
device , in particular by the upstream transmission unit , for a field device cycle time indicating a time it takes to 
example using the information about the field devices con- 10 transmit downstream or upstream data between the one 
nected to the switch device stored in the storage unit . The of the field devices and the switch device through the 
switch device , in particular the upstream transmission unit corresponding field device communication channel . 
may associate further metadata to the upstream data . The The field and master transmission rates may be examples 
originator information may alternatively be associated to the for the above - mentioned transmission rates . The respective 
upstream data by the originator field device itself . 15 transmission rates may here correspond to baud rates . In 
A downstream data message and a following upstream particular , each field device may only support a specific 

data message may be considered as a sequence exchanged transmission rate , which may be taken into consideration by 
by the master device and the field device , in particular if the the switch device when communicating with the field device 
master device is an IO - link master and the field devices are through the field device communication channel . For 
IO - link devices . 20 example , downstream data transmitted to the respective field 

The switch device may thus have the function of directing devices may only be transmitted in accordance with the 
the upstream data towards the master device , together with stored field device transmission rates . 
the originator information . The master device may be Moreover , the master device may support one or several 
capable of managing the upstream data received through the specific master transmission rates , which can be taken into 
switch device . In particular , the present switch device can 25 consideration by the switch device when communicating 
achieve passing upstream data from the field device to the with the master device through the master communication 
master device . The master device may pass the received channel . For example , upstream data transmitted to the 
upstream data to the upper - level network . master device may only be transmitted in accordance with 

According to a further embodiment , the upstream data the stored master transmission rate ( s ) . 
received from the respective field devices at the correspond- 30 The master cycle time may be made of the length of 
ing field device - side ports is an upstream message ; and upstream or downstream messages transmitted in the master 
wherein communication channel and of delay times in the master 

the switch device further comprises a packing unit pro- device and the switch device . eover , the field device 
vided between the upstream transmission unit and the cycle time , which can be specific to each field device , may 
master - side port and configured to pack - up at least two 35 be made of the length of upstream or downstream messages 
upstream messages received from at least two field- transmitted in the field device communication channel 10 ' 
devices through the corresponding field device - side and of delay times in the respective field device and the 
ports into an upstream packet , and to transmit said switch device . 
upstream packet to the master - side port . According to a further embodiment , the switch device 

The packing unit may collect upstream messages received 40 further comprises a configuration unit for setting a field 
from several field devices . It may also associate the origi- device configuration parameter for each field device con 
nator information therewith . In embodiments , the packing- nected to the switch device , the field device configuration 
up of the at least two upstream messages into an upstream parameter including at least one of the field device trans 
packet includes a compressing or an encapsulation of the at mission rate and the field device cycle time of each field 
least two upstream messages by the packing unit . The 45 device , and / or for setting a master configuration parameter 
collected upstream messages are in particular clustered or for the master device connected to the switch device , the 
compressed in a bulk to form the upstream packet , which master configuration parameter including at least one of the 
can be transmitted to the upstream transmission unit in the master transmission rate and the master cycle time . 
same way as the above - described upstream data . The In particular , when the field devices are first connected to 
upstream transmission unit may transmit the upstream 50 the switch device , the configuration unit of the switch 
packet to the master device , which can unpack the upstream devices receives field configuration parameters from the 
packet to obtain the individual upstream messages from the connected field devices . These may also include information 
field devices . The upstream transmission unit and the pack- about which field device is connected to which field device 
ing unit can be one single physical unit . side port of the switch device . The field device configuration 
A large amount of upstream data can thereby be trans- 55 parameters may be obtained as a response to a request from 

ferred to the master device at once , without having to the master device . The field device communication channels 
increase the transmission rate for transmitting data between may be set up under consideration of the respective received 
the master device and the switch device because the field device configuration parameters . 
upstream data is sent in upstream data packets . Further , when the switch device is first connected to the 

According to a further embodiment , the switch device 60 master device , the configuration unit of the switch devices 
further comprises a storage unit for storing configuration can receive master configuration parameters from the con 
data , including at least one of : nected master device . The master communication channel 

a field device transmission rate for each of the field may be set up under consideration of the received master 
device - side ports indicating a rate at which data can be configuration parameters . The master and field configuration 
transmitted through the respective field device commu- 65 parameters are in particular stored in the storage unit . 
nication channels in agreement with a transmission rate According to a further embodiment , the master commu 
supported by the corresponding field devices ; nication channel and / or the field device communication 
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channel are set up under consideration of at least one of the and lower level networks 10 , 19 , thereby allowing a com 
field device transmission rate , the master transmission rate , munication between the upper and lower level networks 10 , 
the master cycle time and the field device cycle time . 19 . 

The switch device can flexibly setup the field and master The lower level network 19 comprises not only the master 
communication channels in agreement with configuration 5 device 3 , but also a plurality of four field devices 2a - 2d 
parameters received from the master device and the field connected to the master device 3 via a switch device 1. In the 
devices when it is first connected therebetween . When one example of FIG . 1 , the master device 3 is an IO - link master 
or several field device are removed , added or exchanged , the and the individual field devices 2a - 2d are all IO - link 
configuration unit may update the configuration parameters . devices . The IO - link master device 3 , the switch device 1 
Hence , a flexible switch device is provided . 10 and the four IO - link devices 2a - 2d form an IO - link system 

According to a further embodiment , the switch device 20. The IO - link devices 2a - 2d are intelligent devices which 
further comprises a field device stack for controlling the respond to requests from the IO - link master 3. The IO - link 
transmission of data between the master device and the field devices 2a and 2b are here motors for displacing the product 
devices . In particular , the field device stack works together in production , the IO - link device 2c is a drill and the IO - link 
with the various units of the switch device , such as the 15 device 2d is an I / O module . 
packing and unpacking unit , the downstream and upstream To ensure the connection between the IO - link master 3 
transmission unit , the storage unit and the configuration unit , and the IO - link devices 2a - 2d , the IO - link master 3 com 
to set up the master communication channel and the field prises , on a downside thereof , a plurality of master ports 4 , 
device communication channels , and to realize the trans- 14. The master ports 4 , 14 are IO - link ports for performing 
mission of data between the master device and the field 20 SDCI communication according to the IO - link standard . To 
devices . each of the master ports 4 , 14 , there can only be connected 

According to a further embodiment , the master device one device of any kind at a time . In FIG . 1 , the switch device 
comprises a master stack for controlling the transmission of is connected to one of the master ports from the plurality of 
data between the master device and the switch device . In master ports 4 , 14 , namely to the master port 4 via a cable 
particular , the master stack controls the registration of the 25 28. The remaining master ports 14 in FIG . 1 remain unused . 
field devices with the master device and sets up the com- The connection between the IO - link master 3 and the switch 
munication with the switch device . device 1 thus occurs through the master port 4 of the IO - link 

Further possible implementations or alternative solutions master 3 and a master - side port 5 of the switch device 1. The 
also encompass combinations that are not explicitly men- master - side port 5 is also an IO - link port . 
tioned herein — of features described above or below with 30 Between the master port 4 and the master - side port 5 , a 
regard to the embodiments . The person skilled in the art may master communication channel MCC is established to allow 
also add individual or isolated aspects and features to the a communication between the IO - link master 3 and the 
individual embodiments . switch device 1. The communication through the master 

Further embodiments , features and advantages of the communication channel MCC is bidirectional : the IO - link 
present invention will become apparent from the subsequent 35 master 3 can transfer data towards the switch device 1 in a 
description and dependent claims , taken in conjunction with downstream transmission direction D and receive informa 
the accompanying drawings , in which : tion from the switch device 1 in an upstream transmission 

FIG . 1 shows an automation network according to a first direction U. 
embodiment ; The switch device 1 is moreover connected to the IO - link 
FIG . 2 shows an automation network according to a 40 devices 2a - 2d through physical field device - side ports 

second embodiment ; 6a - 6d , which are here IO - link device - side ports . The IO - link 
FIG . 3 shows a switch device according to a first embodi- device - side ports 6a - 6d are IO - link ports for performing 

ment ; SDCI communication according to the IO - link standard . To 
FIG . 4 shows a part of an automation network according each IO - link device - side ports 6a - 6d , there is connected 

to a third embodiment ; and 45 exactly one of the IO - link devices 2a - 2d through a cable 28 . 
FIG . 5 shows a part of an automation network according To allow the connection , the IO - link devices 2a - 2d each 

to a fourth embodiment . have a device IO - link port 24 thereon . Using the switch 
In the Figures , like reference numerals designate like or device 1 , it is effectively possible to connect several ( here 

functionally equivalent elements , unless otherwise indi- four ) IO - link devices 2a - 2d to a single master port 4 of the 
cated . 50 IO - link master 3 . 

In this disclosure , “ IO - link ” refers to a technology for Between each of the IO - link device - side ports 6a - 6d and 
communicating with sensors and actuators according to the the respective IO - link devices 2a - 2d , a field device commu 
international standard IEC 61131-9 and compatible , in par nication channel FCC is established to allow a communica 
ticular , subsequent standards . It is intended that the term tion between the respective IO - link field devices 2a - 2d and 
“ IO - link " also covers devices and communication protocols 55 the switch device 1. The communication through the field 
according to European standards EN 61131 and EN 61499 . device communication channels FCC is bidirectional : the 
FIG . 1 shows an automation network 100 according to a IO - link devices 2a - 2d can each transfer data towards the 

first embodiment . The automation network 100 is a factory switch device 1 in an upstream transmission direction U and 
automation system for producing a product such as a micro- receive information from the switch device 1 in a down 
chip . The automation network 100 comprises an upper level 60 stream transmission direction D. The switch device 1 com 
network 10 and a lower level network 19. The upper level prises a field device switch 32 for controlling the commu 
network 10 controls the lower level network 19 by means of nication between the master device 3 and the field devices 
a control unit , which is a personal computer ( PC ) 11 in the 2a - 2d . 
example of FIG . 1. The PC 11 is connected to a network port A communication protocol used for the communication 
13 of a master device 3 over an industrial Ethernet connec- 65 between the individual IO - link devices 2a - 2d and the switch 
tion 12. The master device 3 is controlled by a master stack device 1 is identical to the communication protocol used for 
33 and offers an interface or a gateway between the upper the communication between the switch device 1 and the 
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IO - link master 3. Namely , the communication protocol is an the number of available master ports in an automation 
IO - link communication protocol according to the IO - link network . Further , using the switch device 1 allows to sim 
standard . Since a unique communication protocol is used in plify the network 102. Further , the use of two IO - link 
the lower level network 19 , raw data transmitted between the masters accounts for the existence of two separate IO - link 
IO - link master 3 and the IO - link device 2a - 2d does not have 5 systems 21 and 22 , each comprising one of the 10 - link 
to be converted in the switch device 1 , thereby facilitating masters 3 ' , 23. In contrast , the switch device 1 , explained in 
the data transfer . A point - to - point communication SDCI more detail below , only switches IO - link channels to the 
communication is performed between the IO - link master 3 IO - link devices 2a - 2d . 
and the respective IO - link devices 2a - 2d each in terms of an Further , in FIG . 2 , the first master port 14 starting from the 
IO - link channel . 10 left is directly connected to another IO - link device 29 via a 

Data is transferred between the IO - link master 3 and the cable 28 , as known from the prior art . Using this type of 
IO - link devices 2a - 2d cyclically and acyclically . Namely , connection , the number of IO - link devices that can physi 
process data is sent cyclically in sequences comprising data cally be connected to a single master port of the IO - link 
frames and including a downstream message from the master is limited to one . 
IO - link master 3 and an upstream message from the 10 - link 15 The second master port 14 is connected to a digital hub 18 
device 2a - 2d . On request data is sent acyclically by the through a cable 28 , as known from the prior art . The digital 
IO - link devices 2a - 2d only when they receive a request from hub 18 itself is connected to two conventional , non - intelli 
the IO - link master 3. Finally , events such as failures or gent sensors 31 such as temperature and pressure sensors . 
anomalies are signalized by the IO - link devices 2a - 2d The sensors 31 communicate digital data DIG to the digital 
acyclically . 20 hub 18 through the cables 28 and do not provide any IO - link 

Data does not have to be transmitted using the IO - link functionality . However , the communication between the 
protocol between the IO - link devices 2a - 2d and the IO - link sensors 31 and the digital hub 18 does not make use of the 
master 3 ; it may also be transmitted as analog and / or digital IO - link protocol . On the other hand , the communication 
data between the IO - link devices 2a - 2d and the IO - link between the IO - link master 3 and the digital hub 18 is 
master 3 . 25 performed according to the IO - link protocol . Therefore , the 
FIG . 2 shows an automation network 101 according to a digital hub 18 needs to perform a conversion to bring the 

second embodiment . The automation network 101 strongly digital data from the sensors 31 to the IO - link master 3 ' . 
resembles to the automation network 100 according to the Further , the digital hub 18 does not allow a control of the 
first embodiment . The main difference between the two field devices , in particular of the sensors 31 connected 
embodiments is that a different master device is used in the 30 thereto by the IO - link master 3 ' . 
automation network 101 shown in FIG . 2. Namely , in FIG . The master port 4 of the IO - link master 3 ' is connected to 
2 , the master device 3 ' is also an IO - link master but differs the switch device 1 in an identical manner as described 
from the IO - link master 3 of FIG . 1 in that it comprises only above with respect to FIG . 1. In FIG . 2 , all communication 
three ID - link master ports 4 , 14. In the second embodiment , channels in the lower level network 19 can be used for 
there are various entities connected to the master ports 4 , 14 35 communication using the IO - link communication protocol , 
of the IO - link master 3 ' , which are known from the prior art except for the channel labelled “ ECAT ” indicating an Eth 
and provide different options for connecting field devices , in erCAT communication and for the channels “ DIG ” , indicat 
particular IO - link devices , to the master ports of the IO - link ing a digital communication . 
master . FIG . 3 shows a switch device 1 according to a first 

Further , in the automation network 101 according to the 40 embodiment . The switch device 1 can be placed between the 
second embodiment , a second master device 23 is coupled IO - link master 3 or 3 ' and the 10 - link devices 2a - 2d in the 
with the upper - level network 10. Namely , the second master automation networks 100 or 101 shown in FIGS . 1 and 2 . 
device 23 is connected to the fieldbus 12 through the IO - link The switch device 1 comprises the already described 
master 3 ' as known from prior art . The field bus 12 can be IO - link field device side ports 6a - 6d , the master - side port 5 
an EtherCAT fieldbus , an Ethernet / IP fieldbus , a Profibus 45 and the field device stack 32. Beyond this , the switch device 
fieldbus , an Interbus fieldbus or the like . In the example of 1 comprises a downstream transmission unit 7 , an upstream 
FIG . 2 , the fieldbus 12 is an EtherCAT fieldbus ECAT . The transmission unit 8. Optionally , the switch device 1 can also 
second master device 23 is also an IO - link master , which is comprise a configuration unit 17 linked with a storage unit 
generally identical to the IO - link master 3 detailed above . In 16 , a packing unit 9 and an unpacking unit 15. In FIG . 3 , the 
particular , the second IO - link master 23 also has four ports 50 upstream data flow U is indicated by dotted arrows while the 
( not shown ) , to which four field devices 27 are connected , downstream data flow D is indicated by continuous arrow . 
the field devices 27 also being IO - link devices . A commu- The downstream data transmitted from the IO - link master 
nication between the second IO - link master 23 and the 3 to the IO - link devices 2a - 2d is received at the master - side 
individual 10 - link devices 27 can be performed using the port 5. The downstream data is received as a downstream 
IO - link protocol . However , a communication indicated by 55 data packet comprising a plurality of downstream messages 
the dot - and - dash line between the IO - link master 3 ' and the for the individual IO - link devices 2a - 2d . Upon reception of 
second IO - link master 23 is not performed using the IO - link the downstream data packet by the master - side port 5 , it is 
protocol . Rather , the communication path passes the IO - link transmitted to the unpacking unit 15 of the switch device 1 
master 3 ' and couples with the second IO - link master 23 over via the field device stack 32 which controls the communi 
the EtherCAT fieldbus ECAT . Hence , the type of commu- 60 cation of data in the switch device 1. The unpacking unit 
nication between the JO - link master 3 ' and the IO - link separates the downstream data packet into the individual 
master 23 is not the same as the communication protocol downstream messages , and transmits these to the transmis 
between the IO - link master 23 and the field devices 27 . sion unit 7 . 

Moreover , EtherCAT connections are particularly expen- Each downstream message may have a destination infor 
sive and require an elaborated set - up . Therefore , the use of 65 mation associated thereto , for example in a header of a 
two IO - link masters 3 ' , 23 in the lower level network 19 is frame , which is read out by the transmission unit 7. The 
more expensive than using the switch device 1 to increase transmission unit 7 then transmits the individual down 
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stream messages towards one of the IO - link device - side devices 2a - 2d , the IO - link master 3 configures the switch 
ports 6a - 6d in accordance with the read destination infor- device 1. Therein , the IO - link master 3 communicates 
mation . For example , if the destination information indicates addresses of the IO - link devices 2a - 2d to the configuration 
that the downstream message is for the IO - link device 2c , unit 17 of the switch device 1 as well as other field device 
the transmission unit 7 transmits the downstream message to configuration parameter . The other field device configura 
the 10 - link field device - side port 6c , which will in turn tion parameters , which are here IO - link device configuration 
transfer the downstream message to the selected 10 - link parameters , include information indicating which IO - link 
device 2c . device 2a - 2d is connected to which IO - link device - side port In FIG . 3 , the transmission unit 7 is connected to a storage 6a - 6d , an 10 - link transmission rate as a field device trans unit 16 of a configuration unit 17. The storage unit 16 10 mission rate and an 10 - link cycle time as the field device comprises , amongst others , information indicating which cycle time of each IO - link device . These IO - link device IO - link device 2a - 2d is connected to which IO - link device 
side port 6a - 6d as a field device configuration parameter . In configuration parameters are stored in the storage unit 16 
other words , it indicates that the IO - link device 2a is and used by the downstream transmission unit 7 when 
connected to the IO - link field device - side port ba and so on . transmitting downstream data to the IO - link devices 2a - 2d 
The information stored in the storage unit 16 is used by the in an operational mode . For example , if the configuration 
downstream transmission unit 7 to determine the IO - link parameters relating to the IO - link device 2b indicate that 
device side ports 6a - 6d to which a certain downstream said IO - link device 2b supports a transmission rate of 38.4 
message should be transmitted to . kbaud , a data transmission to the IO - link device 2b will be 

The upstream data transmitted from the IO - link devices 20 made at this precise transmission rate . 
2a - 2d to the IO - link master 3 is received at the respective FIG . 4 shows a part of an automation network according 
IO - link field device - side ports 6a - 6d . The upstream data is to a third embodiment . In particular , FIG . 4 shows an IO - link 
received as an individual upstream message at the IO - link system 22 forming the lower level network 19 and compris 
device - side ports 6a - 6d and are then transmitted to the ing the 10 - link master 3 , four switch devices 1 as described 
upstream transmission unit 8 of the switch device . Based on 25 in view of FIGS . 1 to 3 and sixteen 10 - link devices 2a - 2p . 
the field device configuration parameters stored in the stor- The IO - link system 22 of FIG . 4 differs from the 10 - link 
age unit 16 and indicating which IO - link device 2a - 2d is system 20 of FIG . 1 in that the three master ports 14 are also 
connected to which IO - link device - side port 6a - 6d , the connected to switch devices 1 . 
upstream transmission unit 8 associates , to each upstream Namely , to each of the four ports 4 , 14 of the IO - link 
message , an originator information indicating which IO - link 30 master 3 , there is connected exactly one switch device 1 
device 2a - 2d the upstream message comes from . The origi- through a cable 28 , thereby establishing master communi 
nator information is written into the header of the upstream cation channels MCC between the respective master ports 4 , 
message . 14 and the master - side ports 5 of the different switch devices 

Then , the upstream message is transmitted , together with 1. As the switch devices 1 of FIGS . 1 to 3 , the four switch 
its originator information from the upstream transmission 35 devices 1 of FIG . 4 each have four IO - link device - side ports 
unit 8 to the packing unit 9. The packing unit 9 groups 6a - 6d for connecting the IO - link devices 2a - 2p . The 10 - link 
together several of the received upstream messages , includ- devices 2a - 2p can be field devices of any type . Between 
ing their originator information , into a single upstream data each IO - link device 2a - 2p and the corresponding IO - link 
packet and transmits the upstream data packet towards the device - side ports 6a - 6d , a field device communication chan 
master - side port 5 for transmission to the IO - link master 3. 40 nel FCC is established , as detailed above . The communica 

The IO - link master 3 can unpack the received upstream tion between the IO - link master 3 and the IO - link devices 
data packet and associate the individual upstream messages 2a - 2p is performed with the IO - link protocol . 
to the IO - link field devices 2a - 2d using the originator In the IO - link system 22 in FIG . 4 , sixteen IO - link devices 
information and information about the IO - link system 20 2a - 2p can be connected to only four master ports 4 , 14 of the 
that is mapped in the IO - link master 3 . 45 IO - link master 3 , thereby increasing the size of the IO - link 

The configuration unit 17 is also used for setting up the system 22 considerably . 
IO - link system , in particular when first connecting the FIG . 5 shows a part of an automation network 103 
switch device 1 to the IO - link master 3 , and when first according to a fourth embodiment . In detail , FIG . 5 shows 
connecting the IO - link devices 2a - 2d to the switch device 1 . two alternative robot heads 25 , 26 , which can be connected 
When first connecting the switch device 1 to the IO - link 50 to the master port 4 of the IO - link master 3. The first robot 
master 3 , the 10 - link master 3 receives , from the configu- head 25 comprises the switch device 1 described above in 
ration unit 17 of the switch device , information indicating view of FIGS . 1 to 3 , which is connected to the IO - link 
that a switch device 1 is connected to the IO - link master 3 . devices 2a - 2d for a communication through the respective 
Then , the configuration unit 17 of the switch device 1 field device communication channels FCC . The second 
receives master configuration parameters including the mas- 55 robot head 26 comprises the switch device 1 described 
ter transmission rates defined by the IO - link standard and the above in view of FIGS . 1 to 3 , which is connected to the 
master cycle time through the master - side port 5. These IO - link devices 2e - 2h for a communication through the 
configuration parameters are stored in the storage unit 16 respective field device communication channels FCC . The 
and taken into account by the upstream transmission unit 8 first and second robot heads 25 , 26 are pre - mounted . 
and the packing unit 9 when transmitting upstream data . One of the first or the second robot head 25 , 26 is selected , 

In specific embodiments , when the IO - link devices 2a - 2d for example by a user , and is connected to the master port 4 
are first connected to the switch device 1 ( see FIG . 1 or 2 ) , of the IO - link master 3 , thereby establishing a communica 
the IO - link master 3 obtains information from the IO - link tion through the master communication channel MCC 
devices 2a - 2d through the switch device 1 , in particular between the selected robot head 25 , 26 and the IO - link 
addresses of the IO - link devices 2a - 2d , allowing the IO - link 65 master 3. Meanwhile , the other robot head 25 , 26 is not used . 
master 3 to register the IO - link devices 2a - 2d in an IO - link When the user desires to change the tools connected to the 
master stack ( not shown ) . Based on the registered IO - link IO - link master 3 , he can change the robot head 25 , 26 , 
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without having to disconnect the individual IO - link devices a master cycle time indicating a time it takes to transmit 
25 , 26. Thereby , a change of the robot head 25 , 26 is downstream or upstream data between the master 
facilitated . device and the switch device through the master com 

Although the present invention has been described in munication channel ( MCC ) ; and 
accordance with preferred embodiments , it is obvious for the 5 a field device cycle time indicating a time it takes to 
person skilled in the art that modifications are possible in all transmit downstream or upstream data between one of 
embodiments . For example , the amount of master ports and the field devices and the switch device through the 
field device - side ports can be chosen arbitrarily . The auto- corresponding field device communication channel 
mation network may comprise different elements such as ( FCC ) . 
storage devices and the like . The communication between 10 2. The switch device according to claim 1 , wherein the 
the master device and the field devices can be performed communication protocol is an IO - link communication pro 
wirelessly instead of using cables . Any kind of field devices tocol . 
may be used . A protocol that is different from the IO - link 3. The switch device according to claim 1 , wherein the 
protocol may be used for the communication between the master device is an IO - link master device and at least one 
master device and the field devices . The configuration 15 field device from the plurality of field devices is an IO - link 
parameters may include more parameters relating to the field device . 
devices and / or master devices . 4. The switch device according to claim 1 , wherein the 

The invention claimed is : downstream data received from the master device at the 
1. A switch device for connecting a plurality of field master - side port is a downstream data packet comprising a 

devices to one single master port of a master device , the 20 plurality of downstream messages each having a down 
master device providing a gateway between the plurality of stream message information associated thereto as the desti 
field devices and an upper level network and being config- nation information ; and wherein 
ured to control a communication between the upper level the switch device is further configured to unpack the 
network and the plurality of field devices , the switch device downstream messages of the downstream data packet 
comprising : and to transmit them to the switch device together with 

a physical master - side port for connecting the switch their respective downstream message information . 
device to the single master port and for establishing a 5. The switch device according to claim 1 , wherein the 
master communication channel ( MCC ) between the switch device is configured to transmit the upstream data to 
master device and the switch device ; and the master - side port together with an originator information 

a plurality of physical field device - side ports for connect- 30 indicating which field device the upstream data originates 
ing the switch device to the plurality of field devices from . 
and for establishing a plurality of field device commu- 6. The switch device according to claim 1 , wherein the 
nication channels ( FCC ) between the respective field upstream data received from the respective field devices at 
devices and the switch device ; the corresponding field device - side ports is an upstream 

wherein the switch device is configured to transfer data 35 message ; and wherein 
between the master device and the plurality of field the switch device is further configured to pack - up at least 
devices through the master communication channel two upstream messages received from at least two 
( MCC ) and the plurality of field device communication field - devices through the corresponding field device 
channels ( FCC ) using a single communication protocol side ports into an upstream packet , and to transmit said 
for an automation network ; upstream packet to the master - side port . 

the switch device is configured to be provided between 7. The switch device according to claim 6 , wherein the 
the master - side port and the plurality of field device- packing - up of the at least two upstream messages into an 

upstream packet includes a compressing or an encapsulation 
the switch device is configured to cyclically or acyclically of the at least two upstream messages by the switch device . 

transmit downstream data received from the master 45 8. The switch device according to claim 1 , the switch 
device at the master - side port to a selected field device- device is further configured to set a field device configura 
side port selected from the plurality of field device - side tion parameter for each field device connected to the switch 
ports , the selected field device - side port being selected device , the field device configuration parameter including at 
in accordance with a destination information received least one of the field device transmission rate and the field 
with the downstream data and indicating the field 50 device cycle time of each field device , and / or set a master 
device to which the downstream data is destined to , configuration parameter for the master device connected to 
and / or the switch device , the master configuration parameter 

cyclically or acyclically transmit upstream data received including at least one of the master transmission rate and the 
from one of the field devices at the corresponding field master cycle time . 
device - side port to the master - side port , and 9. The switch device according claim 1 , wherein the 

the switch device further comprises a memory for storing master communication channel ( MCC ) and / or the field 
configuration data , including at least one of : device communication channel ( FCC ) are set up under 

a field device transmission rate for each of the field consideration of at least one of the field device transmission 
device - side ports indicating a rate at which data can be rate , the master transmission rate , the master cycle time and 
transmitted through the respective field device commu- 60 the field device cycle time . 
nication channels ( FCC ) in agreement with a transmis- 10. The switch device according to claim 1 , the switch 
sion rate supported by the corresponding field devices ; device is further configured to control the transmission of 

a master transmission rate for the master - side port indi- data between the master device and the field devices . 
cating a rate at which data can be transmitted through 11. The switch device according to claim 2 , wherein the 
the master communication channel ( MCC ) in agree- 65 master device is an IO - link master device and at least one 
ment with a transmission rate supported by the master field device from the plurality of field devices is an IO - link 
device ; device . 
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12. The switch device according to claim 2 , wherein the 16. The switch device according to claim 4 , wherein the 
downstream data received from the master device at the switch device is configured to transmit the upstream data to 
master - side port is a downstream data packet comprising a the master - side port together with an originator information 
plurality of downstream messages each having a down indicating which field device the upstream data originates stream message information associated thereto as the desti 
nation information ; and wherein 

the switch device is further configured to unpack the 17. The switch device according to claim 2 , wherein the 
downstream messages of the downstream data packet upstream data received from the respective field devices at 
and to transmit them to the switch device together with the corresponding field device - side ports is an upstream 
their respective downstream message information . message ; and wherein 

13. The switch device according to claim 3 , wherein the the switch device is further configured to pack - up at least 
downstream data received from the master device at the two upstream messages received from at least two 
master - side port is a downstream data packet comprising a field - devices through the corresponding field device 
plurality of downstream messages each having a down side ports into an upstream packet , and to transmit said 
stream message information associated thereto as the desti upstream packet to the master - side port . 
nation information , and wherein 18. An automation network comprising : the switch device is further configured to unpack the an upper level network ; downstream messages of the downstream data packet a plurality of field devices ; and to transmit them to the switch device together with a master device providing a gateway between the plurality their respective downstream message information . 

14. The switch device according to claim 2 , wherein the of field devices and the upper level network and being 
switch device is configured to transmit the upstream data to configured to control a communication between the 
the master - side port together with an originator information upper level network and the plurality of field devices ; 

and indicating which field device the upstream data originates 
from . the switch device according to claim 1 . 

15. The switch device according to claim 3 , wherein the 19. The automation network according to claim 18 , 
switch device is configured to transmit the upstream data to wherein the master device is further configured to control 

the transmission of data between the master device and the the master - side port together with an originator information switch device . indicating which field device the upstream data originates 
from . 
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